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TEXT: In this paper, the authors extend their generalized theory 
of the reguiar thermal regime for varying coefficients of thermal 


tained by the authors in their generalized thecry is 


3g . VG +4, (4) 
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i T 
where > x ) A 
0. 6€P 


di, & 5 a av, Q, 18 the interna? Scurce intensity 


ra) 
per unit volume, A the thermal conductivity, C. the Specific heat, 


3 the specific gravity, i the enthalpy, and T the time variable, 
This equation ig regular if 


a, = 86, (2) 


holds, where q, 1s the average value threughout the volume of the 
bedy and B is 4g function of coordinates only. From these equations 


In@=-mE& + const (7) 


where 


Oe 
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case of varying coefficient of thermal conductivity 
and specific heat, and the use of the generalized the- 
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materials 


SOURCE: Kuybyshev. Industrial'nyy institut. Sbornik nauchnykh 
trudov. No. 8, 1959. Teplotekhnika; voprosy teorii, 
raschety 1 proyektirovaniya, 23-29 


TEXT: In thie paper the restrictions that thermal conductivity rt 
and specific heat C_ should remain constant are removed from Kon~ 
drat'yev's theorem (Ref. 1: Regulyarnyy teplovoy rezhim. GTTI, 
1954) dealing with the rate of cooling of a body. The first part 
of the theorem in the generalized case is essentially proved in 
the authors' generalized theory of the regular thermal regime. The re 
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second part, concerning the limiting value of the rate of cooling 
for an infinite coefficient of thermal emission from a body, is 

considered. The heat exchange equation in the linearized form ob- 
tained by the authors in the generalized theory may be written as 


i (2) 


where g = \ A. di, 1 is the enthalpy, and the subscript w refers to 


Pp 


the surface of the body. /“Abstractor's note: n and are not de~ 
fined . 7 Here, the rate ng of the change of 9, with respect tof, 


Cc 
where S= 5 oy dt and A- specific gravity, T = time, analogous 
ie] 
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to Kondrat'yev's rate of cooling, must have a finite value if the 
coefficient of thermal emissiond,—0o%. As an example, an infinite 
shell ic considered, and from the solution of the linearized ther- 
mal conductivity equation obtained by the authors in the reference 
above, the iimiting value of mg becomes 


2 
| z (&) = const (5) 


%4)-290 


/Abstractor's note: X is not defined. 7 This ratio is the recipro- 
Cal of K, the coefficient of form first introduced by Kondrat'yev, 
and for any particular body this is also the case. This generaliza- 
tion of the second part of Kondrat'yev's theorem has a wide prac- 
tical value. From (5), and using the relationship 


i 


q -{ eg hoe Ae (8) 


Pp 
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between q and the coefficient of temperature conductivity a, the 
limiting value of the rate of change of temperature with time is 
found to depend on 


of -i,st.la 
t°'or~ "Xk (13) 
Wwe 
and also the relation 
Seg i Oe , 
mye E Eo Be. = GE (5) 
holds. is a constant for each fixed value of thermal emission 


which may occur in an experiment, and is present only as a coeffi- 
cient of proportionality. Kondrat'yev's theorem is, therefore, ge- 
neralized for the case of any value of the coefficient of thermal X 
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emission, and is much more effective than the theory of tempera- 
ture regularity for studying the thermophysical properties of ma- 
terials, in particular for determining the coefficient of tempera- 
ture conductivity, There are 2 Soviet-bloc references. 
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‘pascheta i proyektirovaniya, 61-66 

m of the position of the 

low for the poundary 
the total coefficient 
dinate of the transition point is deter- 
Reynolds number and Le Shiller's 
y entry region. Assuming a parabolic velocity 


trudov. No. 8, 1959. Teplotekhnika; voprosy teorii, x 
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xodg. (1) 
Re 4 : (@) 
, 
i, 24h i+, (2) 
where ee ; r 
av. 3) Av 20 
We arr aa Re —_—_ 
av 


velocity in the poundary layer, U - velocity in the cen- 


_ mean velocity /Abetractor's note: 0) unde- 


from the center is relative to the radius 
4s considered, where V,, and r; 


where cee 
ter of the flow, Vay 


fined./. The distance x 
of the tube ry» The quantity Re, 
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are replaced by U and x respectively. Then, using Eq. (1), the va- 
lue of Re, at the point of transition 1a 


Re =f (M14 %) Re =P, )Re? (5) 


Since the boundary layer is least Stable in that cross-section 
where its thickness is greatest, and where the negative pressure 
gradient is a minimum, 1.e, at the end of the entrance region, 
then through Shiller, Re, = 3.04,10°, Thus, for a fixed Reynolds! 
t 
number, the value of Ur may be determined, and the coordinate of Bf 


the transition point x, 4s given by 


5 
_ 3,04+10 
x4 = Re (74m, (7) 
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To determine the relative thickness of the laminar and turbulent 
boundary layers, the hypothesis of equality of thickness of momen-~ 
tum loss is used. This is determined for the laminar layer by 


5 Wh 0, 1333 3, ~ 0,05 di 2 (8) re 


t t t 


and analogously for the turbulent layer. Then. the Phy Sakae length 
of the entry region and the field coefficient K = well may be cal- 


culated. The total resistance coefficient A. i8 ehven by 


‘ Po - ] 
ee ET ) (9) 
pv 
av 
2 


Card 4/5 


APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000827130002-8" 


ELEASE: 06/19/2000 CIA-RDP86-00513R000827130002-8 


Ee Ot TES SE AEL ESS AE oe 


"APPROVED FOR Ri 


Sioa ci a SR ane 


3226€ 


8/612 59/000/008/005/016 
On the composite boundary .., D216/D304 


where 1 and @ are the length and diameter of the tube, and Py and 


Pare the pressures at the entry and end of the region considered 
/ Abstractor's note: undefined. 7. The ratio of this to the re- 


Re = 4000, this ratio is I, Increasing Re produces a sharp drop, 
reaching a minimum at Re = 5000. After thie, the ratio rises slow- 
ly, reaching a limiting value analogous to the value for a purely 
turbulent boundary layer at the entry. For apparatus, in which 
the Reynolds number is close to the critical value, the authors 


strongly on it. Also, to increase the heat exchange apparatus, with 
the Reynolds number in the range 2,300 - 10,000, the flow at the X 


inlet should be turbulent. There are 2 figures, 1 table and 3 So- 
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TITLE: The use of integral relations in determining coeffic- 
ients of resistance and convective heat transfer for a 
confined medium 


SOURCE: Kuybyshev. Industrial'nyy institut. Sbornik nauchnykh 
trudov, no. 8, 1959. Teplotekhnika; voprosy teorii,; 
rascheta i proyektiravaniya, 67-82 


PEXT: The paper begins with a discussion of the resistance and hear 
transfer in a tube of circular cross-section under the conditions 

of hydrodynamic and thermal stabilization and laminar flow. It is 
assumed that the liquid is incompressitle and 411 the physical con- 
stants are independent of temperature. The hydrodynamic problem can 

be solved first and the heat-transfer problem second. Both solutions 
are known; the first was obtained by Stokes and the second by Lo-. x 
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rentz, Academician L. S. Leybenzon and others. The authors attempt 
to solve the two problems with the aid of integral relations and 
obtained well-known formulae. The problem considered next is that 
of heat transfer under conditions of thermal stabilization. Con- 
siderations analogous to those described above lead to a dimensicn- 
less integral relation which can be used to determine the heat 
transfer coefficient. The distribution of the excess temperature 15 
then sought in the form uf a power series in r, end this is shown 


to give Nu = 6, The next problem is that of resistance and heat 
transfer under the conditions of stabilized turbulent motion ina 
tube of circular cross-section, The corresponding equations can be 
set up if it is assumed that the average motion of the liquid ia 
axially symmetric (with respect to the longitudinal axis of the 
tube), The dimensionless integral relationa fcr this case are de- 
duced and a well known result is obtained for Cee For a universal 


logarithmic velocity profile 
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A = 2-1g(ReV/C,) + 0.8 (53) 
V nm 


is obtained. The fundamental relation of the hydrodynamic theory 
of heat transfer Nu = C,Pe/8 is deduced as a special case. The 


above relation holds provided the effect of the boundary layer on 
the heat transfer coefficient is neglected. This means that a cor- 
recting coefficient Kk must be introduced into 


Cr 
Nu = S Pe (67) 


to allow for this discrepancy, i.e. 


Ce 
Nu = gh . Pe-K (68) 
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The paper is concluded with a derivation of an approximate formula 
for the correction coefficient K. The following model is employed: 
Turbulent heat transfer plays a decisive role in turbulent motion 
everywhere except for the laminar boundary layer near the wall. 
In the laminar boundary layer, the most important effect in the 
stress transfer is viscous friction, while the most important ef- 
fect in the heat transfer is thermal conductivity. It tnen follows 
that the thickness of the hydrodynamic boundary layer is different 
from the thickness of the thermal boundary layer. In the turbulent 
region, the effect of the physical properties of the medium on the 
turbulent heat transfer is very small. Subject to various appro- 
ximations, it is shown that 


n+1 


= Pr (104) 


jos] 


The average value of n is 0.1335. If the numbers vary between 104 


Card 44 


pay ae te 


APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000827130002-8" 


Perse htt Faber SRD 


“BPEROVED FOR ee 06/19/2000 eee: ks dase tect resineder 8 


eer BPS TE IE WA SES cae ais tects kG hee 


ee een 


PIRES? Paath Tt 


32267 
S/6 12/69/000/008/006/016 
Tne use of integral ... D218/D304 
and 10°, Eq. (53) can be replaced by 
0,187 
-—] parle Se Se 
CE" One (106) 


and then 


Nu = 0,0234«Re999, pp» 434 (107) 


This gives satisfactory agreement with the empirical relation 
Nu = 0,023-Re9?8, pp9s43 (108) 


which was derived by Academician M. A. Mikl.eev (Ref. 
teploperedachi (Fundamentals of Heat Trans.er) (1949)). 
1 figure and 2 Soviet-bloc references. 


2: Osnovy 
There are 
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scheta i proyektirovaniya, 131-143. prosy teorii ra 


TEXT: Experiments carried out by the authors have shown that free 
motion has an appreciable effect on convective heat transfer in the 
case of forced flow past solid bodies for relatively large Rey- 
nolds numbers. The paper is concerned with the theory of the phe- 
nomenon. The stationary problem of convective heat transfer is ta- 
ken to be defined by the following equationa: 


Gard 1/5 x 
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is i 2 
NUS geese ey 
div w=0 
(w7)t = arf t (2) 


where w is the velocity vector, t the excess temperature of the 
flow. p the pressure, op the density of the medium, v the kinematic 
viscosity of the medium, a the temperature diffusity of the medium 
and F the lift force given by 


Ray tof waht (3) 
T 
f 
where T is the absolute temperature at any point in the field, Ty 
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i8 the absolute temperature at a very distant point and g is the 
acceleration due to gravity. These equations are then reduced to 4 
dimensionless form, and an estimation is obtained from them for the 
lower limit of the effect of free motion on the coefficient of con- 
veztive heat transfer. The method employed is the superposition 
method which wae developed by the present authors and which is used 
in conjunction with the theory of similarity. The theory has been 
checked by measuring the heat tranefer coefficient under the con- 
ditions of forced convection for pipes of circular, square and tri- 
angular cross-section in wind tunnels. Both the theoretical and ex- 
perimental results indicate that for ReC@Gr the effect of free con- 
vection is appreciable and must not be neglected. For a cirsular 
tube 


Nu = 0.0563 Res 14 4 09.54 (Gr.pr)+25 (27) 


The first term in this expression represents forced convection. 
For a tube of square cross-section 
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| 0,25° 
Nu = 0,0069 Re??9! [ + 78,3 Meg | 
Re 9 


(parallel orient&ion) and 


0,25 
Nu = 0,0063 Re?? 9/1» o5,0 Larsbeor | ey 


Re 0,93 


(perpendicular orientation, one edge facing the stream), Finally, 
for a tube of triangular cross-section the result is 


Re??®9 


0,25 
Nu = 0,051 ae + 10,6 (et (39) 
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where the former applies to the 
to the perpendicular orientation 
There are 5 figures and 6 Soviet- 
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(38) 


parallel orientation and the latter 
(edge or side facing the stream). 
bloc references. 
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AUTHORS : Kudryashev,—L_—I., Professor, Doctor of Technical Sci- 
° ences, and Romeyko, N. F., Engineer 


TITLE: Simultaneous application of the method of intermediate 
integration and the theory of similarity to solving 
problems of convective heat transfer 


SOURCE: Kuybyshev. Industrial'nyy institut. Sbornik nauchnykh 
trudov, no. 8, 1959. Teplotekhnika; voprosy teorii, 
rascheta i proyektirovaniya, 197-205 


TEXT: The authors are concerned with heat transfer in a confined 
medium. They show that whatever the flow conditions, both the re- 
sistance and heat transfer are determined by the temperature con- 
ditions at the wall. Existing theories of heat transfer in a con- 
fined medium are critically examined, and the theory of similarity 

is used to reformulate the problem in the case of turbulent flow. 

It is shown that the method of "intermediate integration" leads to 
the following expressions which ure universal both for turbulent xX 
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and laminar flow in a confined medium: 


(b) (12) 


It is established that the formulae giving the coefficients of 
heat transfer and resistance should include the ratios of the vis- 
cosity and thermal conductivity at the wall and in the stream, ra- 
ther than the ratio of the Prandt numbers. It ig shown that de- 
termination of the coefficients of heat transfer and resistance 

can be reduced to determining the radial derivatives of the ten- x 
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perature and velocity at the wall of the tube 


ot n A n3 
1 1 n2 10 
= C,Re Pr — 
(st). = ome"re(49) es 
Sus m2 
cr 7 ORoy | 7g 
1jr,=1 an (35) 


as functions of A/a and 4/4 /“Abstractor's note: No explicit de- 
finition of symbols given. 7, 
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(Thermodynamics) (Radiant heating) 
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AUTHORS 3 Kudryashev, Lei. and Golovin, V.M. 
TITLE: “-the Influence of the Dissipation of Mechanical Energy 


on the Coefficient of Hydraulic Resistance and on the 
Flow Rate Through Narrow Ducts in the Laminar Flow 
Regime ve | 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Aviatsionnaya 
tekhnika, 1960, No.3, pp.3-11 


TEXT: A quantitive assessment is made of the intluence of the _\ 
dissipation of mechanical energy in the laminar flow of liquids 
through narrow ducts whose length 2 is so large compared wit the 
height 2h that the contribution of the initial portion of the 
duct to the total flow resistance may be considered as negligible. 
The equations of motion, continuity and energy for the laminar 
non-isothermal flow are given in vectorial form by Eq.(1), in which 
most of the symbols have their usual meaning except I, which is 
the mechanical equivalent of heat, and 5S, which is the tensor of 
the rate of deformation of the fluid. Assuming that the velocity 
vector v satisfies the condition of Eq.(3), then it can be 
expressed by the relation of Eq.(2); by considering only 
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stationary problems and neglecting the body forces F, Eq.(1) can 
be transformed into £q.(5). Although Eq.(5) appear more involved 
than Bq.(1), they are, however, more tractable as regards both the 
admission of simplifying assumptions for their solution and the 
analysis of these solutions. In particular, Eq. (5) facilitate the 
selection uf problems which can be solved by means of separaticn of 
variables. Some 2-dimensional flows are then considered which 
satisfy Eq.(2). First, the flow is studied in a narrow duct, with 
the axis of symmetry along x-axis, when the temperature of the 
bottom wall Ty, 18 different from that of the top wall Tw2, and 
the conditions are sought which would make the flow to be a function 
of pressure p only. It is shown that such a flow is possible 
only at some distance downstream from the entry section, i.e. where 
the flow is stable. Next, the problem of dissipation of 
mechanical energy in the region of this stable flow is tackled 
under the assumption that the temperatures of both walls are equal 
and the pressure gradient along the duct is constant. 
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(8) with boundary conditions 4s in 

Eq. (9). Assuming further that the temperature gradient between 
the walls and the fluid js not large (AT% 10°C) and that the 
temperatures of the Liquids used in practice (water, oil, spirits, 
lubricants etc.) are of the order of 20 to 100°C, then - a8 shown 
in Ref.2 and 3 - the viscosity may be expressed by Eq.(10) or (11); 
where Py, is the viscosity at the wall temperature Tys 
while the thermal conductivity may be considered as co 
i.e. A = hws with these assumptions, Bq.(8) may be integrated a8 
shown on p.7» giving eventually the velocity of the flow in 

Eq. (18) and the rate of flow in Eq.(19) oF Eq. (20). These results 
are then compared with the known classical solutions, Bq. (21): and 
it is shown that the two results are identical in the limit, 

ise, when Re},-0, (Eq. (26) )» finally, the coefficient of 
resistance is evaluated. This is done py taking into account the 
change in the mean velocity of the flow produced by the change in 
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the viscosity of the fluid, when compared with the mean velocity 

as resulting from Bq.(21). This leads to Eq.(29), (30) and (31), 
the last formula being the actual correction due to dissipation of X 
the mechanical energy. There are 1 figure and 4 Soviet 


references (one is a translation into Russian of Janke and Emde's 
tables). 


ASSOCIATION: Kuybyshevskiy aviatsionnyy institut Kafedra 
aerogidrodinamiki (Kuybyshev Aviation Institute 
Chair of Aero- and Hyiecdynemics} 


SUBMITTED: February 29, 1960 


APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000827130002-8" 


DPPROVED FOR RELEASE: 06/19/2000 mined scree tn ah ED 8 


ates ares 


Es By fet yer> 


84051 
$/147/60/000/003/010/018 
Ay: Abo £022/E420 
AUTHORS: kudryashev, L.I. and Kopotev, A.A. 
TITLE: Theoretical and Experimental Investigation of the 


Influence of Instability on the Flow Through Nozzles 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedenly. Av iatsionnaya 
tekhnika, 1960, No.3, pp.65-73 


TEXT: The present mathematical analysis is based on the theory 
expounded by Stanyukovich (Ref,3 and 4). The motion being assumed 
one-dimensional, the equations governing the unsteady flow of a 


dear compressible gastare as in Eq.(1), in which w is velocity, 


7 1s time and the other symbols have their usual meaning. These 
equations may be transformed to read as in &q.(2) of which the firs¢ 
relation may be integrated, the result being Eq. (8). lf the 
Magnitude of w , is small compared with w,. this lust relation may 
be reduced to that of Eq.(9). For the case of steady motion. the 
Corresponding relation is given by Eq.(10). From Eq.(9) and (10). 
Eq.(11) is obtained, From Eq.(11) it is seen that for the same 
value of Po/Py the instantaneous velocity in the case of 
unsteady flow ehnoueh @ nozzle 1s always higher than the 
corresponding velocity in steady flew, because (2O)/(we y o.s 
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always a pouyitive quantity. The corollary to this result must ve 

that in an unsteady flow tt is possible to obtain the same velocity 

4s that ina steady flow, even with a somewhat lower pressure 

ratio P}/Po than that required in the case of steady flow. 

A similar relation holds also for the critical velocity of the flow, 

If the flow is adiabatic, the energy equation 1s Eq.(12) which, 

when transformed into Eq-(13), can be integrated and thus leads to 
Eq.(15) or (17), Again if wy may be neglected when compared 

with wo. the relation simplifies to Eq. (18). AS for the critical X 
velocaty .a™, this is given by Eq-(19), from which it is seen that 
because of unsteadiness of the flow the velocity an the subsoni: 

region may attain a higher value than the cerresponding critical 
velocity tn the case of steady flow, All these relations do not 

teke into account any frictional losses or entry losses. When these 

are included, the efflux velocity will be somewhat lower, These 

¢sses may be accounted for by velocity coefficients, Consider 

mow the instantaneeias dynamic tmpulse Eq. (20) (F, being the axit 
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area of the nozzle) and relate it to Eq.(11) to obtain Eq.(21). 

Again the magnitude of the momentum in unsteady flow is larger 

than its value in the corresponding steady flow, Hence it appears 
that a turbine working with pulsating pressure may be more 

effective than a similar turbine working under constant pressure, 

In practice, the mean values(over a period) are of greater interest 
than the instantaneous values, Thus considering the mass flow G, 

it may be expressed in terms of mean values of density and velocity 

as shown in Eq.(24), and hence the mean value ot the momentum is 

Siven by Eq. (28). In order to verify these relations. some 
experiments were carried out ona single-cylinder, four-stroke, 
air-cooled engine (based on M-11 engine) whose design data are as 
follows; diameter - 125 mm, stroke - 140 mm, swept volume - 4 
1.72 litres, compression ratio - 5, speed - 1600 rpm, maximum 

rate of air flow - 75 kg/sec. The exhaust was directed into a 

tube 500 mm long, to the end of which various nozzles were attached 
(see Fig.l and 4). The flow was measured by means of a pulsometer, 
described in Ref.7, which permits the measurement of the 
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instantaneous values of the momentum and also shows their 
variations on an oscillograph. Simultaneous pressure readings wero 
taken in the tube upstream of the nozzlesand in the engine cylinder, 
and in addition the rate of flow of the air supplied to the engine, 
the fuel consumption and the power output were measured. The 
results of these experiments are shown in Fig.2 and 3, The 
experimental data were then related to the theoretical analysis, 

For example, in order to determine the function P(x) (defined by 
Bq.(7)) pressure diagrams p = p(t) were plctted (Fig.1, top 
diagram) from which by means of graphical differentiation Op/ 3r 
were obtained. These were then divided by the corresponding values 
of P=p(t) and the graph so obtained (middle graph in Fig.2) 

was integrated graphically to produce (3) (bottom Sreph in Fig.2). 
Similarly, by relating the theoretical value of (wo/w,) with the 
corresponding experimental data, the velocity coefficient 

9 = (wog)/(wo), i.e. the ratio of the actual efflux velocity t< 
the theoretical efflux velocity, was obtained, This 13 shown 
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in Fig.3. Finally, from the graphs of instantaneous values over 
a period T, the mean values of various quantities quoted in 


Table 1 were deduced. There are 4 figures, 1 table and 7 Soviet 
references, 


& ASSOCIATION: Kuybyshevskiy aviatsionnyy institut Kafedra 


aerogidrodinamiki (Kuybyshev Aviation Institute, 


Chair of Aero- and Hydro-Dynamics) ; 
SUBMITTED: January 14, 1960 x 
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AUTHORS: Kudryashev L. I., Golovin V. M. 


pl ge 

TITLE: Effect of Dissipation of Mechanical Energy on the Hydraulic 
Resistance Coefficient for Laminar Flow in Tubes With Circular 
Cross Sections 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. Neft' i gaz, 1960, 
No. 12, pp. 105 - 112 


TEXT: It is frequently necessary to determine the resistance to laminar a 
flow in long pipelines. Heating of the liquid by internal friction may be 
rather important, if a highly viscous product is concerned. Hence, it is 
necessary to determine quantitatively the effect of mechanical energy 
dissipation on the output of the pipe, and the resistance coefficient. In 

this paper, an attempt referring to this isdescribed, since thia problem 

has not yet been solved, with the exception of some general data given by 

the academicians V. G. Shukhov and L. S. Leybenzon. A number of equations 

was established, from which follows that the classical Stoxes solution is 
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on the Hydraulic Resistance Coefficient BO27/B 

for Laminar Flow in Tubes With Circular 

Cross Sections 


a first approximation. The calculations show that the effect of the x 
mechanical energy dissipation on the throughput and the resistance coef- 
ficient is the greater, the smaller the pipe diameter and the more viscaus 
the fluid. Thus, the throughput of the pipe may be increased by 10 to 15% 
The effect of energy dissipation may be, therefore, calculeted from 
equations 30 and 31, respectively: 


JCS) ead 
i eer _ (Edake 
Ge ae), (30); D 23,059! (31), 
Q = throughput, Es QO. ae m R = ARe, (R = radius of the pipe), 
n® © (6/4dau,) (dp/az)? ! d« 0. ie /uy - i u, * viscosity at the 
Tys100C 
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temperature TY, of the tube-wall; A = heat conductivity al. Ty 3 J « mechat 
cal heat seutvalents De 1/4 1 - 3! ,(ARe, )/J, (ARe, ) De ae ie correction 

; 2 
for energy dissipation; A = n(u)” 7523 Re, = heworis number. The 


authors further develop the suggested solution with res:ect to various 
liquids and non-isothermal flow. There are 1 figure and 3 Soviet 


references. 
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AUTHORS: Kudryashev, L.I., and Golovin, V.M. 
TITLE: On the Solution of Stability of the Laminar Flow of 


Viscous Fluids Flowing Between Flat Parallel Walls 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, 
Aviatsionnaya tekhnika, 1961, No. 1, pp. 13-18 


TEXT: The problem of stability of the laminar flow has 
attracted much research which indicates its importance both 
theoretically and practically. In spite of so much effort being 
Spent on the problem it is not fully solved as yet, (Ref.1). 

The reason is the great mathematical complexity of the problem. y 
Various simplifications made by some authors in order to enable 

this problem to be solved sare sometimes questionable. One of the 
main shortcomings of the theoretical analysis of the problem is 

that in most cases heat transfer with the surroundings, as well as 
the heat effect produced by internal friction, are neglected. 
However, these two effects influence pnysical properties of the 
fluid and therefore the flow of the fluid must also be affected. 

It is basically erroneous to assume that these effects are 
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On the Solution of Stability of the Laminar Flow of Viscous 
Fluids Flowing Between Flat Parallel Walls 


negligible especially at higher velocities and at large Reynolds 
number values, when dealing with the stability of the laminar 
flow. The present work has as its object the evaluation of the 
effect of these factors, and for that reason the basic equations 
of motion include dependence of the physical parameters of the 
fluid on the temperature: 


eit = pF — grad p + pAv + 2grad weS + ; p grad div v — 


— 2 div v grad yp, (1) 
3 
do e div v = 0 (2) 
dt 
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= . 2 = 
Ie 2 = I div(A grad T)— p div v ¢ 2u-S-- 3H (div we (3) 


where the symbols have their usual meaning, except: 

I - mechanical equivalent of heat; S ~ tensor of the velocity of 
deformation; A(T) - coefficient of heat conductivity. 

Employing the small perturbation method. the authors distinguish 
viscous and non-v1scous instability at high Reynolds numbers. r 
In the case of non-viscous instability the arguments of Lord 
Rayleigh (Ref.3) and W, Tollimien (Ref.4), viz. that the necessary 
and sufficient condition of non-viscous instability in a symmetric 
flow is simply the existence of the point of intlection in the 
velocity profile, still hold true. Stable solution of the system 
of Eqs. (1) to (3) for the flow between two flat parallel plates 
is dealt with in earlier work of the authors (Ref.5)- In the 
present paper the authors extend the analysis by superimposing on 
the stable flow small disturbances and utilize the Rayleigh— 
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Tollmien criterion for tho non-viscous instability. They arrive 
at the conclusion that the instability develops at some large 
value of Reynolds number, which is the upper critical Reynolds 
number, as given by; 


Pry “ 3 
~ » ™“y a 
2 | Wo, 


Nae al 
3 I me. aim 
| 


where Pr = Prandtl number; Ga ~ Gallilleo number, K LT °c 7 


specific gradient of heat content. 
There are 2 figures and 5 references: - 2 Soviet and 3 non-Soviet. 
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TITLE: Problem of the 
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PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy.- 
1961, 107-112 
TEXT; The authors studied the effect of the dissipative heating and heat 


of a viscous 
Rayleigh-Tollmien, 
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transition into turbulent motion 
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oe the technical viewpoint, as it is associated with the possibility of re- 
ducing energy losses in the transport of liquids and gases. Therefore, & 

great number of theoretical and experimental studies has appeared since 
the publication of the first paper by 0. Reynolds. Although the authors 
do not have the possibility, within the scope of the present paper, of 
dealing extensively with the consideration and the evaluation of the vari- 
ous papers, investigation methods, and results obtained, 4t is possible, 
however, to note certain deficiencies, which are quite essential, in their 
opinion, in the formulation of the problem. One may see from the 
mathematical formulation of the task that in most cases insufficient 
attention is devoted to the problema of the heat exchange of the liquid 
with the surrounding medium, its heating at the expense of the dissipation 
of the mechanical energy, and thus, of the change of ite physical para- 
meters with temperature. At the same time, this change is bound to have a 
considerable effect upon the characteristic of the motion. If neglecting 
these factors in the study of the motion with not too hign Reynolds’ 
numbers is still somehow justified, it is no more 80 in the analysis of the 
stability of a longer lasting laminar motion, especially as regards the 
problem of the presence of the highest critical Reynolds number. From this 
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viewpoint the present work may be of some interest, inasmuch as the attempt 
is made to take into account the effect of the abovementioned factors. The 
authors have used formulas to examine the relationships between tempcrature, 
velocity, heat exchange, etc. between the liquids (petroleun, alcohols, 
water). Conclusions: Basing on the use of the total systen of equations cf 
hydrodynamics and heat exchange, and also of the theorems by Rayleigh-Tollmicn, 
the authors show the nonviscous instability of the flow in the stabilized 
part (in hydrodynamic and thermal respects) of the circular cylindrical 
pipe, starting with a rather high upper critical Reynolds number. The 
criterional equation for the determination of the highest critical Reynolds 
number is given. There are 6 references: 1 Soviet-bloc and 5 non-Soviet- 


bloc. 
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AUTHORS: Kudr ., and Lyakhov, V.kK. 


TITLE: Calculation of the effect of longitudinal 
non-isothermalness on the heat transfer coefficient 
in the conditions of the internal problem 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedenly, 
Aviatsionnayao tekhnika, no.4, 1961, 104-110 


TERT: If for hydraulic smooth tubes a known pattern of 
turbulent flow is assumed, then the problem of determining the 

heat transfer coefficient can be reduced to a system of 

differential equations for the boundary layer. The equations are : 
reduced to a simpler form, because the boundary layer is very a 
thin; by assuming mean values for a number of parameters, and 

that the velocity and temperature satisfy power laws in the tube. 

An approximation is obtained for the local value of the Nusselt 
criterion and the mean value of the Nusselt number is caiculated 

for the tube. <A general form is given for the mean Nusselt 

number showing that if the physical parameters aro determined 

for the mean temperatures of the flow and the heat transfor 
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coefficient is also referred to the mean temperature then a 
correction must be introduced to take account of longitudinal 
non-isothermalness. These results were tested experinentally. 
The experiments were carried out for various amounts of 
longitudinal non-isothermalness from 2 to 30 °C. Diesel oil was 
used as the working liquid. The experimental results for heating 
and cooling are compared with a well known experimental formula 
and are in substantiat agreement with it. However, there is a 
scatter of experimental points which is too great to be accounted 
for by experimental errors. Moreover, this scatter is a tunction 
of the temperature and parameters of the tube. On the other hand, 
by using separate equations for heat transfer on heating and 
cooling the scatter of points does not exceed 8 and this agrees 
with the formula derived from theoretical considerations, It is 
shown that the spread of the points is substantially decreased 

by taking account of non-isothermalness and a simple method of 
estimating the effect of longitudinal non-isothermalness is 
proposed for practical calculations, 

There are 4 Cigurea, 
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AUTHORS: § Kudryashev, L. I., Tsererin, V. A. 
TITLE: ' Effect of the non-steady state of flow upon the coefficient ; 


of the gas-dynamic resistence of gas mains 


PERIODICAL: Izvestiya vysshikhuchebnykh zavedenty. Neft' 4 gaz, no. 7, 
1961, 105-112 


TEXT: ‘Jeually the case of a stoady gas flow {8s assumed in planning and 
working of gas mains, while in practice non-steady flow occurs as a result 
of the change of consumption per unit time. It is therefore possible to 

. apply the equations obtained for the steady flow to the analysis of gas- 
dynamic phenomena which occur in reality. The determination of the ac- 
cumulation of the gas main is just as important from a practical voint of 
view. The authors deal with new theoretical possibilities of considering 
the effect of the non-steady state of flow upon the coefficient of the gas 
dynanic resistance. The calculations suggested are not difficult in | ae 
practice. The mathematical formulation of the gas-dynamic resistance may | 
be’ expressed by means of the following system of na 
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(a) | 
/ 
(v) 
(1) - 
(c) | 
(d) | 


If both sides of Eq. (1a) are multiplied with dec and then integrated 


defined by (3). € is the time average. 
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Subsequently, £4. (1b) is integrated with respect to z and ., 
9 : ts iy 9 | 
gw (dg/or)dz = f(t) (11) 49 obtained. After nulttplying at both sides | 
% . , 
r. _ % 
with ar, and then with at, integration from) to, " | 
. a a | 
e 1 1 
‘G= a (\t dt = ay | ase = const. (13) 
9 0 \ 
| | 4s obtained. Since, however © # oS, gwS= const. (14). Finally p/e = rz 
| (15) 45 substituted in (1d) for the period of the average. On the basis | 
| of (8), (9), (14), and (15), the gas-dynumic restatance at non-stenty mas | 
Slow in the pipe line may be expressed vy the folloxing system of equa shong: | Ip 
t 
w re nL ae oe 
‘Ba pd (#} sd p— Chew My oy} (a) 
oe | 
p wS = const, ()) | 
ie | 
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The system (16) differs from the solution of the previous paper of th 


authors (Ref. 1) in-so-far es the equations of motion ani energy contain 
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the congtait coefficients B-, and Bit, for the given averace. To rane " 
the effect of the non-steady state of the cas flow upon the coefficiens 
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of the gas-dynanic resistance, the solutioas for the steady ors fiew are 
4 term, anc 


instead of py and P, their averaze valves are substituted in the chosen 


period of timeG. In the following the authors give examples : 
that the non-steady state depending on the change of veloci*; 

voth increane and reduce the effuct of the inert term an 
of the gas-dynanic resistance. Only in the sneeinl case when Bry 
operational conditions of the gaa main are analogous So the cons. +.ong 
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prevailing at a steady flow with respect to the effect of the inert tern. 
‘the coefficient fp, may be determined as follows: First a diagrau ig plotted 
of the chanse of wns a function of time, und then the differential quotient 
dw_ is determined by graphical differentiation. Below the diagram, the 

dt 


dependence yg = g(t) 48 graphically represented. The ordinates of the formr 
diagram are multiplied with the ordinates of the latter and thus the quan- 


tity i is found. On the basis of the last curve, j nar is found by 
a) 


€raphical integration. The average quantities g and dw are obtained fron a 
at 


the diagrams a = f(t) and g = Q(t) by way of graphical integration. On 
the basis of these data it is not difficult to obtain Bo . The methods 


shown are also applied by the authors to determine the accunulating capacity 
of the gas mains. Thus, accumulation for the period t is expressed by the 
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equation G = (G - Go (21) and the total accumulative power by 
G = G9, (22). There are 3 Soviet-bloc references. | 


ASSOCIATION: Kuybyshevskiy industrial'nyy institut im, V. V. Kuybysheva —— 
(Kuybyshev Industrial Institute imeni V. V. Kuybyshev), 


Kuybyshevakiy aviatsionnyy institut (Kuybyshev Aviation 
Institute) 


SUBMITTED: April 23, 1960 
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AUTHORS: Kudrynahev, 2. I., Smirnov, A. A. 


TITLE: The effect of unsteady heat transfer on the coefficient of 
heat transfer between a atresamed-at solid and the flow 


PERIODICAL: Inzhenerno-fizicheskiy zhurnal, v. 4, no. 10, 1961, 21 + 


TEAT: An infinitely long cylinder standing in the z cirection is assumed 
to be subjected to an external cooling flow in the x cirection. At the 
instant T «= 0 the cylinder is supposed to be immersed infinitely fast into 
the flow. An unsteady heat transfer between cylinder and liquid begins 
at this moment. The authors base their theoretical investigations on the 
general flow equations and on the law of the increase of the turbulence 


L = Vonvt which was established by Academician L. I. Sedov (Metody podobiya 
razmernosti v mekhanike, 1954). The heat transfer coefficient is found to 
be! 2itc t, 


_ r 2x5 ec 
Se = “Do A vat We y (25), 


where Pre denotes the maximum’ temperature in the middle of the wake 
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and Yo are the values of o and ¥ in the undisturbed flow, 
- is the undisturbed flow rate, co = Wt amax*/D* 9 Wey indicates the 


maximum velocity in tne middle of the wake, and b is the breadth of the 
wake. For Pre» 1, Eq. (23) goey over into 


t 2 t 2 
Nu’ , 4c ( jax) , 42 ( Imax} x 
n q, rn \Vah d 


2 yr eee 
Since (tax! ty) ie : 9,(Re) and (* yoax/6,) = 7, (Fo, He), one obtains 
from Eq. (24) Nu /tus, = 1+ c/Fo Re - (27), which ts particularly cone 


venient for experimental investigations. These investigations were carried 
out as follows: A 36 mm thick and 192 mm long duraluminium cylinder was 
heated to 160°C, and was then placed into an air strean, Temperature was 
measured by means of thermocouples. Fig. 1 shows the change of the 


cooling rate (1/acc) a3 a function of time (sec), Nu?/ttu versus FoRe°’! 
is rendered in Fig. 3. Nu’/Nue, = 1 + 3,6/(PoRHO'7)°°99 is obtained for 
OC Pore *! 225 and nu°/Nue, = 1 + 262(PoRe?*7)? ror 23¢KoRe LZ 10. 
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These results are in good agreement with the calculated values. Mention 
is mace of B. TN. ¥9*enel'gon and *. 4. Tirafercen ‘"Deploperedacha i 
aerogidrodinamika”, KNlga le, vyp. 3, Maartiz, Tyay 3 "Kot loturbostroyeniye" 
no. 5, 1948), and of Ye. Mf. Minokiy ("Izv. AN SSSR", 28, no. 8, 1940). 
There are ¢ figures and 10 references: 9 Soviet and 1 non-Soviet, 


ASSOCIATION: Aviatsionnyy institut, &- Kuybyshev (Aviation Institute, 
Kuybyshev) 


SUBMITTED: April 28, 1961 
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3/196/62/000/010/023/035 


E073/E155 
AUTHORS: dudryashev, L.I., and Tomnikov, A.V. 
TITLE; On a solution of nonlinear problems of nonsteady- 


state heat-transfer on electric network integrators 


PERIOVDICAL: Referativnyy zhurnal, Elektrotekhnika i energetika, 
no.16, 1962, 4, abstract 10 G22. (Tr. Kuybyshevsk. 
aviats. iri-t, no.12, 1961, 41-53) 


TEXT: The development of a method of successive intervals is 
proposed which is applicable to solving nonlinear symnetrical 

problems of nonsteady-state heat-cxchange in a cylinder and a 

sphere. The method has great importance in simulation on models. 

The solution of the nonlinear problems of nonsteady-state heat- WE 
transfer on electric network integrators is considerably simpli- 

fied by introducing the function { instead of the cxcess 

temperature. Solutions carried out on the electric integrator 

vt 12 (EI-12) confirmed the results obtained by simulating the 


heat-transfer conditions on the .3.,-5 (IPT-5) model. 
13 references. _ ee : 
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D234/ D308 
AUTHORS: Kudryashev, Is f., Bochkarev, A. F. and Turapin, V.M. 
TITLE: Application of the theory of thermal regularity to 


the experimental determination of heat loss coeffi- 
cicnt of bodies placed in an external flow 


PERIODICAL: Rererativnyy zhurnal, Mekhanika, no. 10, 1962, 97, ab- 


stract 103604 (Tr. Kuybyshevsk. aviats. in-t, 1961, 
no. 12, 77-81) 


TAT: On the basis of the results of numerical calculations which 
are not given in the paper, the authors conclude that a differen- 
tial equation of parabolic type (both,linear and nonlinear) has 

the property of thermal regularity irrespective of the particular | f 
problem given. They give no due justification for such a conclu- \" 


sion in the pupor. Experimental methods of determining the heat 


lous coefficient of a body ina stream, based on the above conclu- 
sion, are conoidered, L- Abstracter's note: Complete translation. ws 
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3/124/62/000/010/011/015 
De34/D308 


. AUTHORS: hudryagyhey, I. I. and Shchibrayev, Ye. V. 

Titus: Application of the generalized theory of thermal re- 
guiarity to the determination of the heat loss coef- 
ficient of complex bodies in air streams 


PERIOVICAL: “Referativnyy zhurnal, Mekhanika, no. 10, 1962, 97, ab- 
: stract 108603 (Tr. Kuybyshevsk. aviats. in-t, 1961, 
no. 12, u5-92) 


THAT: The authors give an analytical proof of the existence of 
thermal regularity for a multilayer cylinder whose thermal conduc- : 
tivity and heat lose coefficients depend on temperature. Without ee 
corresponding specifications, the authors take the equations for a 
a multilayer plate instead of those for a cylinder. Theoretical 
results are compared with experimental data in an example. / Ab- 
stracter's note: Complete translation. 7 7 
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JO 2400 
AUTHURS _kudryashev, Lede, and Makarov, Yu.l. 
TITLE: Theory of the resistance and heat transfer in jet 


flows past bodics 


PERIGDICAL: Referativnyy zhurnal, ELlektrotekhnika 5 energetika, 
no.l0, 1962, 2-3: abstract 10 Gl2. (Tr. Kuybyshevsk. 


aviats. in-t, wosaty 1L9Gls 93-98) 


THAT: The principal difference in the physi 
the Clow past podies by an unlimited flow and by a flow with 

finite dimensions was established. pifferential equations /B 
analysed by similarity thoory methods yield a new determining 

parameter x/ which is of considerable importance in 

experimental determination of the resistance and neat-transfer 
coefficients in jet flow past podies. The theory of the 'tregular 
thermal regime" serves to establish an unequivocal relation between 

the Nusselt criterion characterizing the external heat transfer 

and the new invariant K, which determines the internal process 

of heat conductivity- A simple method of applying the hydrodynamic 
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theory of heat oxchan eft j 
te eatin Zz or the case of Jet flows past bodies 
2 referencas, 
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#073/E155 
AUTUGRS: hudryashev, L.I., and Safonov, 3.F. 
TITLE: Coefficient of heat transfer and resistance during 


flow of a stream past an unlimited barricr 


PERIVUDICAL: Referativnyy zhurnal, Elektrotekhnika i energetika, 
no.l0, 1962, 2, abstract 10 Gll. (Tr. Kuybyshevsk. 


aviats. inet, no.12, 1961, 106-111) 


TEAT: The physical features relating to the mechanical and 
thermal effects of a stream of finite dimensions on infinite 
barriers are considered. Since the relation between the speed 
and temperature is non-explicit, the dimensional] method serves to 
demonstrate the characteristic similarity invariance. On the 
basis ot this method, recommended functional relations are 
obtained for Nu, and Cy 34 references. 


‘Abstractor's note: Complete translation. 
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AUTHORS: Kudryashev, L.I., and Gusev, I.A. 


TITLE: - Influence of the high-speed non-steady state unlimited 
flow and a jet of finite dimensions on the resistance 
coefficient and the heat exchange in flow past bodies 


PERIODICAL: Referativnyy zhurnal, Elektrotekhnika i energetika, 
no.10, 1962, 2, abstract 10 G8. (Tr. uybyshevsk. 
aviats. in-t, no.12, 1961, 113-117) 


TEXT: The principal difference between a non-steady state 
stream and an unlimited flow past bodies is explained. An attempt 
is made to apply the hydrodynamic theory of heat exchange to the 
cases of an unlimited flow and streams under non-steady state 
conditions past bodies. If proposed experimental investigations 
are successful, the obtained theoretical assumptions could be 
applied for determining the heat-transfer cocfficient and the 
resistance under non-stoady state flow conditions. 

3 references. : 

‘Abstractor's note: Complete translation.’ 
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£073/E155 
AUTHOPS: nudryashev, L.I., and Lyakhov, V,K. 
peasants EER nah ered 
TITLE: Influence of transverse and longitudinal non- 


isothermal conditions on the heat-transfer coefficient 
during turbulent flow of liquids in tubes of 
circular cross-section 


PERIGDICAL: Referativnyy zhurnal, Elektrotokhnika i energetika, 
no.10, 1962, 3, abstract 10 G17. (Tr. Kuybyshovsk. 
aviats. in-t, no.12, 1961, 145-154) 


TEXT: Analysis of hydrodynamic and heat-transfer differential 
equations and thermal equilibrium equations shows that existing 
experimental data on heat transfer have to be considered as a 
particular case of small longitudinal temperature drops. Experi- 
mental data on.,heat transfer within a wide range of longitudinal 
non-isothermal conditions should include criteria which take into 
consideration the relations between the longitudinal and transverse 
temperature gradients. Theoretical conclusions are in fair agree- 
ment with experiment on heating liquids with various values of this 
temperature criterion. 7 references. 
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£194/E155 

AUTHORS 3 Kudr yashev, Lele, and Kopotev, AcAc 

TITLE: A theoretical and experimental inves 
influence of steadiness on the proce 


convergent nozzles 


tigation of the 
ss of outflow from 


FERTIODICAL: Heferativnyy zhurnal, otdei'tnyy vypusk, Silovyye 
ustanovki, no. 23, 1902, 29> abstract 42, 23.140. 
(Tr. Kuybyshevsk, aviats. in-t, no.12, 1961, 199-222) 


in designing and operating pulsating gas-turbine 
tical and experimental investigations are required 
the nozzle under pulsating flow 


TEXT: 


of the process 0 
conditions. 
problem of unsteady motion of gas in the nozzie and gives 
express 10ns for the rate of outflow and instantaneous dynamic 
impulse. Tosts were made to check tho main theoretical 
and also to assess the influence of 7 


tions and conc ilusions 
t were made. pulsating flow w 


ingle-cylinder piston engine. 
he first studied the influence oO 


asp set up at the 
Three series of 
f nozzles of 


proposi 
the assumptions tha 
nozzle inlet ty a & 
tests were mde. T 
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$/262/62/000/023/005/011 
A theoretical and experimental .., E194/E155 


different diameter on the gas conditions in the cylinder of the 
piston engine, The second series involved determination of the gas 
impulse beyond the nozzle and calculation of the flow factor in 

the gas ducts. The third series elucidated various problems 


experimental equipment is described in detail and also the system 
of measuring static pressure (pneumo-electric stroboscopic 
indicator) and the foroe impulse beyond the nozzle (impulse meter). 
The tests confirmed the conclusions of the theoretical 
investigations (in particular, the instantaneous rate of flow 
under pulsating flow conditions was greater than under steady- 


7 figures, 12 references, 
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5/147 /62/000/002/018/020 
The influence on the heat ..- E194/E435 


correspond to pulsation indicate that, depending upon the 
conditions, pulsation may either increase or decrease heat transfer. 
The integral relationship method was applied to the case of a 


turbulent boundary layer to obtain the following functional 
relationship 7 


Nu == CRet! Pr f+ (Hoe). (20) 
where ny and Nog are respectively the exponents of the Ro and 


Pr numbers in the following expression 
XC) a 


af 
Nu = CRe Q+m0+39)  ,p,b+3a AC 
ier (12) J 
f Foersin aaa 
C=: 
. (13) 
ff sin aay 
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w- the velocity at the 
flow over a sphere, W% 


where 
with 
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5/147/62/000/002/018/020 
£194/E435 


(a) 


outer edge of the boundary layer 
- the velocity with steady incident 


C and 


flow and yf a coefficient, equals 0.0225. Coefficient 
also nj, ng and £1 (Hoco) should be determined by experiment. 
Wind tunnel tests undertaken for this purpose are described. The 
test results are satisfactorily represented by the following 
expression 

Nu Ho BK 

= 624(50) + (24) 
where Nu =~ Nussoelt's criteria for heat transfor in a pulsating J 
flow; Nuo - applies to a steady flow. Eq.(24) may also be rE 


written in the following form 
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Nu = 3,68 poe?405 4,,0.125 (25) 


At Re above 22000, flow pulsation has practically no influence; 
if Ro > 32000, pulsations may even reduce heat transfer, 
There are 4 figures, 


ASSOCIATION: Kuybyshevskiy aviatsionnyy institut 4 
Kafedra aerogidrodinamiki (The Kuybyshev Aviation pe 
Institute, Department of Aerohydrodynamics) 


SUBMITTED: April 20, 1961 
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5/192/63/050/603/605/005 


3117/3166 
AUYHOUS: kudryashev, L. Ie, Lyakhov, V. K. 
ee et ea 
oo nr oo Ey perimental study of tho heat- exchange when-heating-a—-——-——— 


turbulent liqaid flow in round tube 


PERIODICAL: Tzvestiya vysahikh uchebnykh zavedenty. Neft’ i gaz, no. 3, 


1963, 79-85 
TEXT: ‘he general character of tha theoretical functions Nu « f(Pr) 
& was oxporimentally confirmed for the heating of liquids. Based on the 
equation Nu = cre™pr™ (1), , 


which according to previous statements (3. S. Petuxhov, V. V. Xirillov, 
"Peploenergetika" no. 4, 1956; A- I. Xudryashev, Sb. nauchnykh trudov, 
no. 7, "“Teploteknnika". xuyby shovakdy industrial'ny ry institut, 1957) 

is suffioiont for generalizing the ex sorimentel data, C und m were 
experimentally determined in the presunt work for tho range Pr = 3- 300 


. 5 4 ¥ : 
“ with comparatively omall changes of ha « 10' - 107. Diesel winter oil, 
< diesel summer oil, and treneforser oii were usod for the experisents 


whieh oo made accrrding to a sicthod described by V. Le Lel'chux and 
Curd 
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perimental otudy of the heat ... B117/B186 

B. V¥. Dyadyakin ("Voprosy teplootrenz', Izd-vo AU SSSR, 1959, p. 173-192). 
Experimental data found in publicatioas for n-butyl alcohol and water } 
were used for a more comprehensive generalization, The experimental data * 


were evaluated by the method of succeusive approximation. The following 
ranges were found for whica Eq. (1) cin be used: 


Pru 3 - 10, C = 0.023, m= 0.4; 
Pre 10 - 33, C = 0.0254, m = 0.352; 
Pr = 30.0 ~ 100, C = 0.0316, m= 0.3; 
Pr = 100 - 300, C = 0.3567, m = 0.264. 


The effect of the variability of physical parameters on the heat exchange 
1 a : 
(up/u,)” could be objectively estimated during the experinents. In the ‘ 


range Pr » 100 - 280, k was found to de 0.16. This figure was higher 
than that found by other cuthers, which sugg2sts a relation k = f(Pr}. 
Further experiments are necesoury to study this dependence. Tare are 
2 ures and 3 tables, 
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